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Abstract 
Many different expressions for irrigation efficiency exist. A popular expression is the engineers' irrigation efficiency 
(IE) that can be separated into conveyance efficiency (ec) and application efficiency (ea). ea is often seen as the key 
parameter to optimize, leading to the promotion of application techniques associated to a high ea value. 
Unfortunately, the processes that determine the overall efficiencies are not yet well understood. In this paper, we aim 
modeled in terms of technical, agronomic and socio-economical parameters as a way to understand the underlying 
processes that determine efficiencies. IP calculation shows that actual performance values are much more variable 
than literature reference values. IP variability is indeed related not only to application technology but also to 
agronomic, technical, socio-economical and even nearly psychological factors, highlighting the need to include such 
socio-economic considerations into the irrigation evaluation process. 
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1. Introduction 
Irrigated agriculture remains the largest consumer of global freshwater resources, and improving water 
management in irrigated agriculture is a key issue to solve the global water and food crisis. The design, 
planning and improvement of irrigation often rely on the assessment of irrigation efficiency, using 
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efficiency indicators. Efficiency indicators allow the conversion of irrigation crop water requirement 
(IWR) into diverted water needs. Efficiencies can further be used to assess irrigation system performance. 
 
(e.g. [1], [2], [3]). Indeed, many different expressions for irrigation efficiency exist ([4], [5]). A popular 
expression is the engineers' irrigation efficiency (IE), defined as the ratio of water consumed by irrigated 
crops to water that is diverted ([6], [7], [8]). IE can be separated into conveyance efficiency (ec) and 
application efficiency (ea) ([9], [4], [5]). Conveyance efficiency mainly depends on the quality of the 
hydraulic infrastructure of the irrigation system, while application efficiency is usually expressed as a 
function of application technique. Since structurally improving ec requires very important monetary and 
time investment, ea is often seen as the key parameter to optimize ([10], [8]), leading to the promotion of 
application techniques associated to a high ea value. Other popular expressions for irrigation efficiency 
are the agronomists' water productivity (WP), defined as the ratio of crop yield to water consumed by the 
irrigated crop, and the combining concept of water use efficiency (WUE), defined as the ratio of yield to 
water applied ([5]). 
 
Unfortunately, the processes that determine the overall efficiencies are not yet well understood. Another 
concern is that efficiency indicators like ea, IE, WP and WUE do only include technical and on site 
considerations related to irrigation. Socio-economic issues are not well considered by the ea, IE, WP and 
WUE concepts (e.g. [5], [8]). Hence, there is a need to better integrate socio-economic issues when 
assessing irrigation system performance. 
 
In this paper, we aim to assess and model technical irrigation performance 
perimeter in East Morocco. In this perimeter, an important reconversion program from surface to drip 
irrigation has been launched and promoted by the Moroccan authorities. The expected improvement of 
this reconversion needs to be quantified and a performance assessment of both actual and projected water 
management strategies must be processed at system level. The first objective of this study is to implement 
a methodology allowing assessing the technical performance for this perimeter. The second objective is to 
model the performance in terms of technical, agronomic and socio-economical parameters as a way to 
understand the underlying processes and system parameters that determine efficiencies and to predict 
efficiencies in terms of ready available designing parameters. 
2. Study area 
The study is performed in the irrigated perimeter of the Triffa's plain, East Morocco. The Triffa's 
irrigated perimeter covers a surface of 40 000 hectares. The study area covers a sub-region of 4 000 
hectares. It corresponds to 5 irrigation sectors and encompasses 750 farmers. It is characterized by a 
diversity of farm types. The average farm size is around 5 hectares but it ranges from less than 1 to more 
than 400 hectares. Small traditional farmers thus cohabit with industrial farms. 
 
The main water resource in the area comes from the Mohamed V reservoir, created on the Moulouya 
system. In the study region, groundwater situates at a depth fluctuating around 20 m. 
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Meteorological data are available for 5 to 10 various years from the last decades. Figure 1 shows the 
time course of weekly mean precipitation data (1992-2004) and mean reference evapotranspiration data 
(2000-2004 and 2011), illustrating that irrigation is needed to support agriculture from spring to autumn. 
 
In this region, only a few low added value crops, such as cereals and grass, are rainfed while the 
majority of cash crops, mainly for exportation (e.g. citrus) or for the industrial sector (e.g. sugar beet), are 
irrigated. The major cultivated crop is citrus, representing more than 60% of the cultivated area. Some 
farmers also cultivate potatoes, sugar beet, loquat or vegetables. Surface irrigation is still the main 
irrigation technique but drip irrigation increases substantially since the beginning of the 21st century.  
3. Methodology 
public 
domain data providers, local administration and research institutes. A detailed field survey within a sub-
region allowed characterizing agricultural practices and collecting additional field data for efficiency 
evaluations. The on-site data collection step was followed by a modeling step at the field and farm scale. 
3.1. Data collection 
Meteorological data are available on a daily time step, including rainfall (from 1992 to 2004), 
minimum and maximum temperature (from 2000 to 2004 and for 2011). Those data are aggregated on a 
weekly basis and then averaged over every available year in order to obtain averaged weekly data. They 
are assumed constant over the study area. 
 
Soil data encompass a soil map and soil analytical data collected during the soil survey campaign that 
took place in 1956. Soil particle size distribution is available for a number of soil profiles up to a depth of 
1.5 m. Soil profile class matching was used to assign soil textural values to the different units of the soil 
map. Because more than one soil profile matched every single soil unit, average soil texture values were 
assigned to each soil unit. 
 
Agricultural data related to irrigation timing and amount, field size and location, and agronomic and 
socio-economic practices were collected through a detailed farm survey. In total, 18 farmers were 
interviewed, representing 48 fields. To avoid language and communication problems, the field survey was 
supported by agents of the local extension service. Each farm was visited in order to verify and validate 
the data on agricultural practices and irrigation water management. It is important to note that, since 
irrigation practices are not systematically registered in the large majority of farms, collected data on 
Figure 1: Time course of weekly ET0 and precipitation in the Triffa irrigation plain 
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irrigation water management remains approximate. Space-time continuous irrigation scenarios were 
reconstructed based on the decision processes described during the interviews.  
3.2. Irrigation performance calculation 
Field irrigation performance (IP) is computed based on the field water balance (eq. 1). This 
computation is processed on a weekly time step. The field water balance yields: 
 
tttttt QETIPSS 1         (1) 
 
with S the storage in the root zone [mm], P the rain [mm], I the irrigation [mm], ET the actual 
evapotranspiration [mm] and Q the deep percolation [mm]. ET is calculated according to the FAO single 
crop coefficient procedure described in [11] where ET = Ks.Kc.ET0 with Kc the crop coefficient and Ks the 
effect of water stress. Because only basic climatic data are available, the reference evapotranspiration ET0 
is calculated using Hargreaves' relation (ET0 = 0,0023.Ra(TC + 17,8)TR0,5 with TC = Tmin + (Tmax
Tmin)/2, TR = Tmax-Tmin with Tmax the mean daily maximum temperature and Tmin the mean daily minimum 
temperature and Ra the extraterrestrial radiation [12]). 
 
Two different methodologies were compared to assess Q. Both gave very similar results and only the 
second one is thus detailed in this paper. This method, referred to as the "continuous method", assumes 
that percolation is only vertical, soil is homogeneous and water is homogeneously allocated within it. Qt 
is then calculated using Darcy's law, assuming that the hydraulic gradient is equal to 1, leading to Qt = Kh 
with Kh the soil hydraulic conductivity at suction h obtained using Mualem-Van Genuchten relation 
([13]). All Van Genuchten's parameters are obtained using pedotransfer functions described in [14], in 
[15] and in [16] and bulk density is obtained using the relation described in [17]. 
 
Field irrigation performance can then be computed by equation 2: 
 
 
           (2) 
 
 
Table 1. Traditional reference ea values (adapted from Tiercelin (2006) p. 267). 
Irrigation system Efficiencies [%] 
Traditional surface irrigation 40-75 
Traditional surface irrigation (rice) 25-50 
Modern surface irrigation 65-90 
Sprinklers 55-85 
Local irrigation 70-95 
 
Since we are only interested in irrigation water that is drained, Qt is corrected into Q*t which is Qt 
artificially limited to It so that rain water percolation is not taken into account in the efficiency 
calculation. Field irrigation performance is then calculated over a whole year. This technical irrigation 
IP = 
t
tt
I
QI
IP
*
100
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100% t no irrigation water 
is lost. 
4. Results and discussion 
4.1. Assessing IP 
Literature based reference values for application efficiency show a more or less small range of values, 
depending on the application technique (table 1). The two techniques that are used in our study area show 
values ranging from 40 to 75% for traditional surface irrigation and 70 to 95% for drip irrigation (local 
irrigation). The calculated IP for our study area shows much wider range (figure 2). Values range from 
8.0 to 99.9% for drip irrigation and from 7.6 to 100.0% for traditional surface irrigation. 
 
(a) (b) 
Figure 2: ea distribution of traditional (a) and drip (b) irrigation 
Traditional surface IP values are within the ea's reference values range for only 8 out of 20 fields. This 
represents around 40-45%. The same pattern is observed for drip irrigation, with 9 out of 22 fields (41%) 
situated within the reference range. This shows that the variability of performance in the Triffa irrigation 
perimeter is much wider than usually considered and that the use of ea reference values as performance 
indicators is very approximate to design or evaluate irrigation management in this area. Application 
technique thus only explain, if so, a small part of IP variability. In consequence, many other factors must 
be considered explaining the variability of assessed performance. In the following section, an attempt will 
be made to identify the factors that explain this variability. 
4.2. Explaining  variability 
4.2.1. Field scale analysis 
 
We classified assessed performances in terms of farming and irrigation practice attributes, and applied 
one-way ANOVA to explain observed variability. The results of table 2 and 3 suggest that the application 
technique and crop type are not single factors explaining the IP variability. Considering the interaction of 
both factors yields better results. Indeed, table 4 suggests that a significant classification can be obtained 
with 4 groups (pvalue of 0.032). The first group gathers all fields irrigated by drip technology. The 
remaining 3 groups encompass fields irrigated by traditional surface irrigation and are classified based on 
the crop type: one for citrus, one for cereals and one for loquat. 
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Table 2. Mean IP and standard deviation for both application techniques. The pvalue results from one-way ANOVA analysis. 
Mean IP [%] pvalue 
(surface irrigation) (drip irrigation)  
59.7 ± 30.4 64.5 ± 32.8 0.633 
 
Table 3. Mean IP and standard deviation for both application techniques. The pvalue results from one-way ANOVA analysis. 
Mean IP [%] pvalue 
(citrus) (vegetables) (cereals) (loquat)  
58.0 ± 32.6 53.0 ± 23.5 99.9 ± <0.1 88.9 ± 12.2 0.084 
 
Surprisingly, sharing the first group (drip irrigated crops) based on crop type does not give better 
results. Indeed, comparing, through an ANOVA analysis, group 1 (drip irrigated crops) and group 2 
(citrus with traditional surface irrigation) gives a pvalue of 0.135 while comparing group 2 with drip 
irrigated citrus only gives a pvalue of 0.155. 
 
One field from the collected database cannot be classified within the previous classification. This 
singular field is a potato cropped field irrigated by traditional surface irrigation, which is the only 
vegetable field irrigated by traditional surface irrigation. It is a weakness of our sample rather than an out-
layer: traditional surface irrigation on vegetable crop is still a non-negligible practice in the study area. 
 
Cereals' IP is very high and its variability is close to zero. Using an average value for this group is thus 
a good solution in order to predict performance in the study area. Despite cereal fields are always 
irrigated by means of traditional surface irrigation, their IP is very high. This can be explained by the fact 
that this crop tolerates water stress quite well and that it is used for domestic purpose only. Yields are thus 
not the major preoccupation and water is applied only once or twice per year, when applied, leading to 
very good IP. 
 
Figure 3: IP's variability within 4 groups (citrus with traditional surface irrigation, drip irrigation, cereals and loquats) 
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Table 4. Mean IP and standard deviation for identified groups (drip irrigated fields, citrus fields with traditional surface irrigation, 
cereals fields and loquat fields). The number of fields within each group is indicated in (n). The pvalue resulting from one-way 
ANOVA analysis is 0.032. 
Mean IP [%] 
Drip irrigated 
(n=22) 
Citrus surface 
irrigated (n=13) 
Cereals (n=2) Loquat (n=4) 
58.0 ± 32.6 53.0 ± 23.5 99.9 ± <0.1 88.9 ± 12.2 
 
 
Loquat, is also always irrigated by means of traditional surface irrigation, has also a good IP value, 
situated in a quite narrow range. Since this crop represents very small areas (loquat fields are usually very 
small), using an average value for this group remains acceptable for assessing performances at larger 
scale. Those crops are sold on the local market and are often grown by very small farmers. Those farmers 
were the only farmers in the sampled farms that did not pump water from the groundwater. They thus 
exclusively rely on water supply from the Mohamed V reservoir and, since dam water shortage is quite 
common, this leads to a good IP. 
 
Drip irrigated IPs are very variable, mainly ranging from 50 to 100%. This observation was expected 
since this is the only group including different cropping patterns, mainly citrus and vegetables. Drip 
irrigated parcels are also the most heterogeneous in terms of socio-economical attributes. Drip irrigated 
farm size, for instance, range from 4 to 400 hectares while the average farm size in the study area is 
around 5 hectares. This is in contrast to farms irrigated with traditional surface irrigation, ranging from 
0.1 to 5.7 hectares. Understanding the dynamic of drip irrigated performances is essential in the area 
because of the subvention policy and its growing economical weight. 
 
Citrus irrigated by traditional surface irrigation, which represents the most frequent crop-irrigation 
technique combination of the region, shows a relatively low IP, generally between 25 and 50%. This low 
value can be linked to the extreme economic importance of this crop, which is usually exported and sold 
abroad and represents a huge part of the farmers' total income. Yields are thus very important and a 
particular care is taken to this crop, leading to a trend to over-irrigate. The IP range is quite narrow. 
Figure 4: Farm size and IP's relationship for drip irrigated fields (black lines represent logarithmic regressions) 
The proposed classification seems coherent and useful. Yet, this classification is not exhaustive and it 
doesn't fit all fields of the sampled fields. Further, groups 1 and 2 (drip irrigation and citrus with 
traditional surface irrigation) are clearly discriminated in the statistical analysis, but this is less the case 
for groups 3 and 4 (cereals and loquat). Indeed, it remains unclear if those groups are defined by the crop 
type or by both crop type and irrigation technique. In other words, would a hypothetic drip irrigated 
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cereals or loquat field be classified in group 1 (drip irrigation)? Since there is no drip irrigation for those 
crops in the study area, the answer is still unknown. This is thus not an identification problem but an 
interpretation problem we have to deal with. 
 
Finally, the IP variability is much higher between fields of different farms than within a same farm. 
Because a farm usually practices a single irrigation technique, no matter the field, the irrigation technique 
remains a significant factor to explain this variability. But this also means that it is more relevant to 
explore farm related characteristics rather than fi  
4.2.2. Farm scale analysis 
 
As we discussed earlier, drip irrigated fields can take a wide range of possible performance values. In 
order to explain this variability, IP was compared to many farm related parameters. A clear relation 
between IP and farm size can be elucidated (figure 4), suggesting that larger farms exhibit larger IP 
values. Intuitively, this suggests that the larger farms develop more rational irrigation water management 
practices. However, only a few authors addressed this issue and conclusions are often contradictory. For 
instance, a direct relation between farm size and application efficiency was observed by [18], an inverse 
relation was observed by [19] and no relation at all was observed by [9]. 
 
For surface irrigated fields, even if the IP range is narrower as compared to IP values for the drip 
irrigated fields, it remains important to explain this variability. Unlike drip irrigated fields, no correlation 
can here be found between IP and farm size (figure 5). The explanation could be that farm size is not such 
a sensitive parameter and, if his effect is observable for drip irrigation, which is practiced over a wide 
farm size range, surface irrigated farm size variability is too small to have a significant effect on IP. For 
surface irrigated fields, we found a significant relation between IP and the ratio between area actually 
planted with citrus and official farm size (figure 6). This significant farm scale attribute can be explained 
by the water allocation policy used in the perimeter. Indeed, in the Triffa's irrigated perimeter, reservoir 
water allocation is calculated for a hypothetic scenario in which the whole farm area is entirely planted 
with citrus. But, in practice, the whole farm area is never fully planted with citrus and larger dosages of 
water per surface unit are applied as compared to the designed dosages. Moreover, farmers use 
complementary water resources from groundwater pumping. When other crops are planted, farmers 
usually apply the allocated water from the reservoir on citrus field and use groundwater for other crops. 
These phenomena explain why the ratio of area planted with citrus to total farm area explains IP 
variability. 
Figure 5: Farm size and IP's relationship for citrus fields with traditional surface irrigation 
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Figure 6: Citrus ratio and IP's relationship for citrus fields with traditional surface irrigation (citrus ratio of a farm is defined as the 
ratio between surface planted with citrus and total official farm size) 
In order to explain IP's variability, we realized that technical and agronomic parameters at field and 
farm scale are not sufficient. Socio-economic and nearly psychological considerations must also be 
included in a future analysis. 
5. Conclusion 
Application efficiency (ea) is widely used by policy makers as an irrigation system performance 
indicator. Since traditional ea reference values only include technical issues, consecutive technological 
solutions are frequently adopted. Irrigation performance (IP) calculation, including irrigation management 
practices, shows that actual performance values are much more variable than literature reference values.  
 
Observed IP variability is not only related to application technology but also to total amount of 
irrigation water applied over the year, which can itself be linked to many factors. Some of these are 
agronomic or technical, such as application technology or cropping pattern, but other are socio-
economical and even nearly psychological. This study indeed shows that, in the study area, IP variability 
is linked to farm size when drip irrigation is practiced and to both crop and citrus area to farm area ratio 
for surface irrigation. Those relationships can be explained by case specific issues, highlighting the need 
to include such socio-economic considerations into the irrigation evaluation process. 
 
The developed method, based on the water balance, can be performed with widely available data. Only 
irrigation data need to be collected in the field. Deep percolation is usually very uncertain and two 
calculation procedures were compared. They gave very similar results. A validation step should be 
processed in order to evaluate the whole model reliability. 
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